The paper studies the influence of systematic application recommended and estimated mineral (N 69 P 63 K 45 and N 141 P 68 K 60 ) and organomineral (manure 8 t/ha + N 44 P 42 K 24 and manure 15 t/ha + N 87 P 36 K 7 ) fertilizer systems within grain-grass-hoe crop rotation on density, porosity, structural condition of soil, water stability of structural units, water permeability, change of humus content and basic nutrition elements in rainfed conditions and at irrigation in comparison with their initial content and with indicators in control option --without fertilizers and irrigation throughout long-term field experiment on ordinary carbonate chernozem in a steppe zone of the Central Ciscaucasia. It is defined that over 68 years of experiments the content of total nitrogen, phosphorus, potassium and reaction of soil solution did not change. The maximum losses of humus and available forms of nutritious elements occurred in options without fertilizers in rainfed and irrigated conditions, bulk density of soil increased, porosity and water permeability decreased. The use of fertilizers improved agrophysical and water properties of soil: its density decreased, porosity, structure index, water stability, water permeability and hygroscopicity increased. The introduction of estimated organomineral fertilizer system to the scheme of experiment since 1986 restored the humus content in soil to the reference value and ensured its positive balance (+2.6 t/ha).
present stage of management and economic relations is difficult to renew [1--4] . The problem of soil fertility on irrigated lands is especially urgent. In Central Ciscaucasia 30 % of agricultural lands are presented by ordinary chernozems, about 50 % of them are irrigated. Excessive removal of fertilizer elements compared to their receipt to the soil leads to noncompensated spending of soil fertility reserves and violation of the law of returning, as well as to the reduction of efficiency of arable lands caused by deterioration of soil fertility. Soil conservation defines the relevance and the need for methods of its reproduction, which shall mainly be aimed at the replenishment of organic matter and positive balance of humus and basic fertilizers, which is not sufficiently studied within specific soil climatic conditions.
Materials and Methods
The purpose of the study is to analyze the influence of long-term application of different In 10-pole grain-grass-hoe crop rotation in all fields in space with crop rotation in time, in bogara and irrigated conditions the following options of fertilizer systems were studied: 1 --without fertilizers and irrigations (control); 2 --mineral (N 69 P 63 K 45 ) without irrigation; 3 --organomineral (manure 8 t/ha + N 44 P 42 K 24 ) without irrigation; 4 --without fertilizers at irrigation; 5 --mineral (N 69 P 63 K 45 ) at irrigation; 6 --organomineral (manure 8 t/ha + N 44 P 42 K 24 ) at irrigation; 7 --estimated mineral (N 141 P 68 K 60 ) at irrigation; 8 -estimated organomineral (manure 15 t/ha + N 87 P 36 K 7 ) at irrigation. In options 2, 3, 5 and 6 the recommended fertilizer systems experimentally installed earlier in short-term field experiments as optimum for different cultures of crop rotation were studied. The estimated fertilizer systems were defined by a balance method taking into account personal long-term studies to preserve and reproduce soil fertility and planned efficiency of crop rotation at 5.0--5.3 thousand grain units/ha and were introduced into the experimental design since 1986 via splitting of plots [4] . Soil humidity at irrigation was maintained by watering at the level of 75--80 %. The total number of options in the experiment is 100, crop rotations --4. Double frequency. The total area of a plot after splitting makes 165.6 m 2 , estimated --20.0; 48.0 and 81.6 m 2 depending on culture. DOI At the beginning of the experiment the soil of the pilot site was characterized by the following indicators: reaction of soil solution was neutral or close to neutral (pН 6.9--7.2), humus content in top horizons made 3.50--3.65 %, total nitrogen in soil --0.20--0.28 %, phosphorus --0.13--0.19 %, potassium --2.0--2.2 %. Carbon-nitrogen ratio (C:N) narrow --7.5--9.0. Depth of horizons A+B --75 cm. The absorbing complex is mainly rich in cations of calcium and magnesium, total absorbed bases --25--30 mg-eq/100 of soil.
High nitrification capacity, more than 3 mg/100 g, content of labile phosphorus --2.0--2.5, available potassium --30--40 mg/100 g of soil. Carbonates were present in the entire soil profile. Content of physical clay --45--60 %. Concerning the particle-size distribution (across Kachinsky) the soil is heavy loamy, silty and dusty, total porosity is more than 50 %. Agrophysical properties of soil are good and satisfactory. The smallest moisture capacity of a meter layer makes 24.5--25.4 % of the dry soil mass [5] . Heavy and loamy ordinary carbonate chernozem with mycelial-calcareous air-borne loessial loam as the mother rock was used as an object of study. Soil samples were collected from arable horizons and soil layers of 20 cm according to VNIIA methodical instructions [6, 7] .
Agrochemical analyses of soil were made by the following methods: pН --potentiometric method, soil humus --Tyurin's method, nitrate nitrogen --Grandval-Lajoux method, labile phosphates and potassium --from one extract by Machigin's method [8] , soil structure and related properties --by international methodological guidelines [9] .
Results
One of the main tasks of the experiment was to define the influence of systematic longterm application of fertilizers and regular irrigation on agrochemical and agrophysical properties of ordinary carbonate chernozem that was described by us earlier [10, 11] . Irrigation and fertilization were the major factors affecting agrophysical and water properties of soil. Soil consistency is characterized by density (bulk weight), particle density (specific weight) and porosity (pore space). Over a long period of experiments, irrigation had the most significant effect on bulk density and porosity of soil. The comparison of soil of control option 1 (without fertilizers and without irrigation) with option 4 (without fertilizers at irrigation) showed density increase in all soil layers by 0.12--0.16 g/cm 3 . Porosity at irrigation decreased and made less than 50 % in all soil layers.
The density of irrigated soil also increased with the introduction of mineral fertilizers in soil layers of 0--20 and 21--40 cm, the porosity of these layers decreased respectively. Water permeability of soil defined prior to the experiment was within the range of 1.5--0.88 mm/min [5] . It was found that at long-term use of the recommended The content of exchange potassium in the control option (option 1) over 36 years (1979--2015) changed a little since the available potassium was replenished constantly due to its transition from inaccessible fixed form. As a result of long-term impact of various fertilizer systems the availability of soil with its exchange potassium is different and ranges from III to V class of availability (Tab. 4). In terms of its genetic properties the ordinary carbonate chernozem is quite resistant to acidifying effect of fertilizers. The reaction of soil solution in the studied soil over 66 years of the experiment did not change and was neutral (pН --6.9--7.2). The application of mineral fertilizer systems had no impact on the total absorbed bases in nonirrigated and irrigated soil. Organomineral fertilizer systems increased the total absorbed bases by 2.3 and 2.4 mg-eq/100 g of soil.
Conclusion
The study within the stationary field experiment of 1948 showed that the long-term use of different fertilizer systems in nonirrigated and irrigated conditions created certain levels of soil fertility typical for each agrosystem and defining quantitative and qualitative indicators of crop yield and efficiency of crop rotation.
Agrophysical and water properties of ordinary carbonate chernozem at extensive use of arable land without fertilizers and long irrigation became considerably worse: density increased, porosity and water permeability of soil decreased. The use of fertilizers improved agrophysical and water properties of soil: its density decreased, porosity, structure index, water stability, water permeability and hygroscopicity increased.
Long-term use of mineral and organomineral fertilizers had an impact on content, balance of humus and agrochemical properties of bogara and irrigated soil. The biggest losses of humus and fertilizer elements were defined in options without fertilizers at irrigation and without fertilizers and irrigation. The use of mineral fertilizers reduced humus losses and stabilized its content at different levels smaller than the initial. In bogara conditions the use of the recommended organomineral fertilizer system (manure 8 t/ha + N 44 P 42 K 24 ) stabilized humus content and its positive balance (+3.6 t/ha). In irrigated conditions the application of estimated organomineral fertilizer system (manure 15 t/ha + N 87 P 36 K 7 ) since 1986 restored humus content over 11--13 years to the initial level and ensured its further positive balance (+ 2.6 t/ha).
The content of total nitrogen, phosphorus, potassium and reaction of soil solution during the experiment did not change.
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